A recent study of the elastic properties of the human lens capsule enables some of the changes which occur in the lens during accommodation to be better understood. The capsule is truly elastic but its elastic strength declines with age; the strength of the capsule being four times as great in childhood as in old age (Fisher 1969) . This change contributes to the reduction in the amplitude of accommodation of the ageing eye. A further study on the elastic properties of the lens substance has shown that the resistance to deformation of the lens nucleus rises rapidly after forty years of age (Fisher 1971) . When these changes are measured on a series of lenses (Fisher 1973) it is concluded that:
(I) The equatorial capsule is stretched over the equator of the accommodated lens to an increasing extent as age advances.
(2) The ageing changes in the shape, capsule and substance of the lens are sufficient to explain the decrease in amplitude of accommodation at every age.
(3) The same excursion of the capsulo-zonular attachments of the lens in the ageing eye is necessary to produce the meagre amplitude of accommodation occurring in presbyopia as the maximum amplitude observed in youth.
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Fisher R F (1969) Journal ofPhysiology 201, 1 (I1971) Journal ofPhysiology 212, 147 (1973) In this paper I should like to review the results that have been achieved at the Electrodiagnostic Clinic at Moorfields Eye Hospital by recording the visual evoked response (VER) of the cerebral cortex in patients with eye disease. As a preamble, I must touch upon the physiology and methodology of evoked potential recording, but I shall be unable to give complete attributions. It has become fairly simple to record evoked potentials. Averagers (small computers), needed to sort out the specific signal caused by the stimulus from the ongoing EEG activity, are today fairly cheap and easy to use. The nature of the stimulus is critical when one considers the results obtained, since the electrical potentials presented by the computer represent the endresult of the data-processing inside the skull. Without some understanding of these processes it is difficult to interpret the recordings. This is especially true of the VER because of the great amount of information travelling down the optic nerve and the complexity and size of the visual cortex. Not only are there several cortical representations of the visual field, but in each the cortical cells respond to differing features of the image cast on the retina (Hubel & Wiesel 1962 , 1968 ) and these regions may be served by different varieties of retinal ganglion cells with different delays and conduction times to the optic cortex (Cleland et al. 1971 ). Thus different stimuli may very well provoke differing responses. In addition, the psychophysical concept that the visual cortex consists of a number of parallel channels (Camp-bell & Kulikowski 1966 , Kulikowski & King-Smith 1973 , with different stimulus specificities, has received confirmation in VER studies; thus there may be numerous VERs, depending on the stimulus, and in disease states it appears that these may be independently affected.
Much careful work has gone on to elucidate these complexities, but in a clinical way we have attempted to devise a quite arbitrary stimulus and to see if it can be usefully exploited. In our work we have been aided in particular by the topographical analyses of Halliday & Michael (1970) and Jefferies (1971) , by the analyses of temporal relationships of Regan (1972) and the work on patterned stimuli of Spekreijse et al. (1973) .
Our first type of stimulator was a simple stroboscope. Such a flash evokes a complex VER in which all manner of retinal ganglion cells are stimulated to various unphysiological degrees. We know that very few cortical cells fire 'spikes' when such a stimulus is applied: the VER must be due to the sum of the synaptic potential activity (possibly also glial activity) under these circumstances. Furthermore, the response is complex because the brain acts as a harmonic analyser, and a brief flash can be considered as a complex harmonic signal. By using a simple harmonic signal one can improve the result: if a light of rhythmically fluctuating intensity is employed (sine wave luminance modulation), the cortical signal is a similar sine wave and, in many circumstances, the higher harmonic content can be ignored. In these circumstances it can be shown that the responses recorded are not those of the primary visual cortex at all but come from a much wider area (Regan 1972) . This complexity need not worry ophthalmologists, who can still use luminanceevoked potentials as an index of function of the optic nerve; and, of course, the radiation is dominated by fibres representing the central portion of the retina. However, from the point of view of localizing the response to a single cortical area and maximizing its usefulness, it is desirable to provide a stimulus to which visual cortical cells respond vigorously. It is well known from neurophysiological experiments that contrast and movement are the features which cause these cells to respond most actively; accordingly, we have devised a stimulus consisting of alternate black and white squares like a large chessboard.
We arrange that the luminance of the squares changes rhythmically, so that as a black square becomes white its white neighbours turn black. In this way the pattern reverses. Such 'pattern reversal' stimuli are most effective in evoking cortical potentials, and may be produced mechanically, optically or, as we do, by a polaroid technique (Behrman et al. 1972) . The responses are large and they can very often be seen in the normal EEG, but the method has theoretical disadvantages. First, the pattern is an extremely effective stimulus for many cortical channels as distinct from, for example, gratings which preferentially stimulate one channel. Secondly, the contrast modulation required to saturate the mechanisms is only a small percentage (i.e. the chessboard should ideally change from light to dark grey, not black to white) and if higher contrasts are used then the response changes from being a pure 'contrast' response to a 'luminance' response. This is especially true if the square size is more than a few minutes of arc. Thus, in our clinical work we record a mixture of responses from differing cortical 'channels'; the sole defence we can offer is that the system we use is practical, robust and gives useful results.
In our hands, we find that there are several important stimulus response relationships, two of which are illustrated in Figs 1 & 2. In the first place, the response varies both with the size of the screen holding the chessboard pattern and also with the angle subtended by the single squares. We can alter these parameters very simply: we move the screen towards and away from the patient to alter the square size and we mask off portions of the screen (with black cardboard) to alter the total visual angle it subtends.
It can be seen that when the screen is far from the patient, so that the individual squares subtend about 9', the amplitude of the response increases as the screen is unmasked (Fig 1, left) up to a visual angle of about 20, but after this further increasing screen size has no effect upon the response: thus only the fovea and parafovea can contribute io the cortical activity. When the screen is brought close to the patient a very different situation occurs: the smallest screen (Reproducedfrom Behrman et al. 1972 by kindpermission) area (containing very few squares) that can evoke a measurable response now completely covers the foveal and parafoveal area, and the response amplitude increases as more and more screen is unmasked. In other words, we can obtain responses due to fovea or periphery simply by choosing the correct distance of the screen from the patient. Normally we use an intermediate distance so that the responses are dominated by the foveal projection but there is in addition a peripheral contribution.
The second noteworthy feature of our stimulus is that the amplitude of the response falls off greatly when the sharpness of the contour between the squares is blurredeither with a diffuser or, conveniently, with a spectacle lens. Fig 2 shows the results obtained in a normal subject with paralysed accommodation. It can be seen that the response amplitude rises to a peak and falls as the lens power is changed; the lens dioptres needed for peak response depend upon the distance of the screen. The sharpness of the peak is greater the further the screen from the patient, but note that the response does not entirely vanish, even with considerable blurring. Fhis is because it is not a pure contrast evoked potential: these vanish if tiny flaws in the chessboard stimulus are allowed to develop, for example a hair laid along the borders. It is also the case that the results of Fig 1, though pleasing, are considerably simpler than when the experiment is repeated with a stimulus which activates only one cortical 'channel'.
In spite of this, these results fulfil, in a rough way, our expectations of what the cortical potentials should do. As a guide, it is convenient to think .f the response amplitude as an objective measure of a function similar to visual acuity (VA); we have in fact engineered our screen so that the response drops dramatically in amplitude at VAs of 6/18-6/24, i.e. where the patients themselves complain of serious difficulty. I would emphasize that this is a very imprecise statement but the use of the test-type is also a very imprecise and indirect way of assessing cortical function. Perhaps by the time our stimulus becomes too blunt an instrument for clinical analyses the test-type will also have fallen into disfavour. Fig 3 shows VERs to both an unstructured light flash and the pattern reversal stimulus. The pattern reversal was produced by the rotation of a tolaroid disc before the patient's eye; since the squares of the screen change rhythmically from black to white, the response is rhythmical fluctuation of voltage, each peak corresponding to a contrast reversal. We always attempt to obtain such a record, with varying degrees of success, for it can be completely characterized by making two measurements: the amplitude of the response measured from trough to peak, and the delay between the pattern reversing in contrast (this occurs at the beginning of the record) and the time that the response peak occurs. Since both stimulus and response approximate to sine waves, this delay is best expressed in terms of the phase angle of the difference between stimulus and response. By contrast, the response to flash (Fig 3) is complex and contains numerous components which may or may not interact. It is uncertain how to measure such a response or what the criteria for measurement might be. In Fig 3 the responses from the right and left eyes of the patient are almost exactly the same; the fact that this is what is usually found in normal persons is a great help in dealing with uniocular pathology. The patient whose record is shown in Fig 3 denied any perception of light in the left eye; evidently, the disease state was somewhere above the level of the visual cortex and therefore outside an ophthalmologist's competence. Of course, this is but one of many ways of diagnosing hysteria and, although elegant, it is expensive. However, we are sent a number of such cases and by no means all of them are diagnosed before they reach the clinic. Furthermore, such a diagnosis can be achieved in the hysteric who is also suffering from organic eye disease.
In many eye diseases the amplitude of the VER declines. This is illustrated in Fig 4 which shows the type of result obtainable in a case of maculopathy. The responses from the affected right eye give a clearly diminished cortical potential; note that the electroretinogram is perfectly normal as it is produced from the photopic system of a large retinal area. By the time the excitation has reached the cortex the greater expansion of the foveal projection has made it considerably easier to detect the localized abnormality. Thus to a great extent the VER can replace our attempts (Arden & Bankes 1966) to pick up foveal electroretinograms.
In addition, of course, the VER allows us to test for the integrity of the optic nerve. Fig 5 illustrates the findings in a young man who had suffered a facial injury which caused a fracture of the inferior plate of the orbit. In recovery he reported a loss of visual acuity in the affected eye. There was no scotoma. It can be seen that even though acuity was only reduced to 6/18, the VER to pattern reversal is nearly absent. The VER to flash is also abnormal, but clearly the pattern response is more sensitive.
Again, this sort of result may be compared with cases where there is cortical damage. Fig 6 illustrates the findings in a girl aged 7 who had poor vision, who was retarded, and in whom there was history of difficult birth. The provisional diagnosis was choroiderwmia. The electrodiagnostic findings of normal electroretinograms and electro-oculograms show that the diagnosis was wrong. The VERs to flashing lights are perfectly normal (compare the amplitude with that of Fig 5) , but by contrast the pattern VERs are grossly reduced. Thus there is no general failure of optic nerve conduction in this case (the 0.005 mV size of the squares in the pattern was chosen so that a large parafoveal area could produce responses), but the specific cortical response to contrast cannot occur. This then is a case of a central defect.
In other conditions it is the delay of the peaks of the pattern response rather than the actual amplitude which is important, and analysis of the peak timest (or delays) offers not only a powerful means of diagnosis but also a fascinating 40 R 201i.,
insight into clinical neurophysiology. The child who gave us the records in Fig 7 had had a juvenile cataract which was removed: vision improved but the left eye remained amblyopic. The electroretinogram shows no defect but the VER is abnormal. The abnormality consists of a delay in the response peaks (and troughs). These are so gross that the response appears inverted; in fact, this is probably what has occurred. The response is being generated by an extrafoveal portion of the retina (Spekreijse et al. 1972) from cells which are on the convexity, rather than being buried deep in the calcarine fissure; records exactly like this can be obtained from normal people by carefully stimulating portions of the visual field (Jefferies 1971) . In amblyopia we can obtain a great variety of abnormal responses.
Not all patients have their conditions (or their cortex) arranged as favourably as the girl in Fig 7, but the same general interpretation can be made. For example, Fig 8 shows the responses obtained from a 30-year-old woman with anisometropic amblyopia. The response from the affected eye is smaller than the normal, and the delays are different. When the screen area is reduced so that only the central 5°is stimulated the asymmetry is much more marked. This might be expected, but what is not to be expected is the response obtained from the peripheral portion of the affected eye: it is considerably larger than the normal response. Finally, if the screen is removed from the patient so that only foveal responses can be obtained (see Fig 1) the amblyopic eye gives a normal record. These puzzling findings can all be simply explained if the amblyopia is due to a disuse of the central foveal projection due to the refractive error. It has been shown in kittens that under these circumstances the disused cortical cells receive innervation from other, abnormal fibres from either the other retina (Hubel & Wiesel 1963) other afferents (Blakemore & Mitchell 1973) . In the case of this patient, it would appear that the cortical projection has been partially taken over by radiation fibres from the parafovea: these activate cortical foveal areas and also suppress the response originating from the fovea itself.
Other findings in amblyopia are common. For example, it is easy to see the electrophysiological manifestation of 'suppression' and indeed in a proportion of cases the response from the amblyopic eye is absent. Perhaps the most interesting observation is that the response from a good eye alters quickly during patching. This must indicate that the cortex is plastic and suggests a way of assessing the possible outcome of treatment.
Perhaps the most important condition diagnosable by the VER is demyelinization. Fig. 9 summarizes results in retrobulbar neuritis. In the acute phase of the condition the VER is absent (upper records) even though visual acuity is not greatly reducedat least as judged by a test type. In the recovery phase the VER returns, but the responses are delayed (lower records). These traces show the responses achieved with different frequencies of pattern reversal. It can be seen that there is a prominent peak, the timing Qf which is not greatly affected by the stimulus repetition frequency; the dashed lines show the average peak times in normal and affected eyes. The delay is grossapproximately 60 ms in patient U P and 30 ms in C H. Other reversal at three differingfrequencies. Note that the peak ofthe response occurs at afixed delay after the beginning ofthe trace (the moment ofpattern reversal) whichl is, within these limits, independent ofstimulus frequency. Thus the true delay ofthe response can be established. Forfurther details see text. Visual acuities: E S, right 6/5, left 6/18; C H, right 6/5, left 6/5; UP (acute), right 6/6, left 6/9; UP (recovering), left 6/6 pt. Squcares 25': average of100: contrast ratio 100 % workers have reported delays of up to 100 ms (Halliday et al. 1972 ). Since the delay in normal people can be measured to within 5 ms, this value is highly significant, and as far as is known no recovery occurs. The increased delay persists, and the VER may show increasing deterioration, even though the patient himself detects no change in vision. The reason for this delay in response is not clear. It is associated with other conditions apart from multiple sclerosis and occurs no matter what portion of the visual field responds. These points are shown in Fig 10. Thus, either there is a very gross increase in retinocortical transmission time, or else the disease selectively damages a fast-responding system in the visual pathway.
The VER appears to be the most sensitive way of determining optic neuritis and will supplant other clinical methods. For example, compare the results in Fig 9 with those in Fig 11 obtained from a young woman who suffered an acute attack of loss of VA in one eye combined with diplopia. The VER is nearly absent, but although it is small there is no change in the peak delay. Therefore, this is not due to multiple sclerosis but to some other intracranial lesion; we were unable to elicit any history of trauma. Regan (1972) has recorded the responses of localized portions of the peripheral retina, and has detected scotoma as small as 4 degrees. We
have not yet been able to detect such small field losses. However, Mr J Cappin has investigated patients with glaucoma and recorded the responses to individual quadrants of the visual field, excluding any macular and paramacular component. In quadrants in which there is a considerable scotoma the pattern VER is absent.
In cases where the scotoma is small by comparison with the retinal area stimulated a response is obtainable. Even in normal persons the VERs to portions of the peripheral field are small and the amplitude variations correspondingly large, but in glaucoma it is also true that the timing of the response alters. The defective quadrant produces delayed responses, though the delays are not as gross as seen in demyelinization. This delayed response is not (almost by definition) the result of stimulating the scotomatous area, but the surrountling zone. Abnormalities in response timing have been seen in patients with the very mildest field defects and in the portions of the retina remote from the defects, Thus it may well be that by using VER we can spot abnormalities in glaucoma which precede actual field loss.
A combination of the Pulfrich effect and electrooculography is being used for the development of an objective criterion of binocular fusion of the two retinal images.
The Pulfrich stereo-phenomenon is a perception of depth produced by means of a luminance disparity under conditions which do not contain depth information. An observer, with normal binocular fusion, viewing a slowly oscillating stimulus with a neutral density filter before one eye sees the stimulus describing a path resembling an ellipse, even though it actually moves in a straight line.
Analysed by Pulfrich (1922) the phenomenon is shown to be consistent with the law of corresponding retinal points and the general principles of space perception. The explanation is based on a visual latent period whose magnitude varies inversely with the intensity of the retinal illumination.
We are considering the possibility that the Pulfrich effect might develop from a delay in the neuromotor system of the extraocular muscles instead of the sensory system, leading to stereopsis. But whatever the meansdelayed eye movements or variations in the latent period of visionthe result is stereoscopic disparity. Thus for one direction of oscillation there will be innervation for convergence, i.e. the target is seen in crossed disparity, and for the other direction of oscillation there is innervation for divergence.
It is this manifestation of the fusional process in the initiation of disjunctive or vergence eye movement responses that we are detecting and measuring.
Both observers have good visual acuity, full ocular movement, full stereopsis and phorias within the normal physiological range. The one important difference is eye dominanceone observer being left eye and the other right eye dominant. Eye movement potentials are simultaneously but independently monitored via electrodes attached to the lateral and medial canthi. Signal-averaging techniques enable us to recover the actual waveshape of the periodic
